RP5063 is a multimodal dopamine (D)-serotonin (5-HT) stabilizer with a high affinity for D 2/3/4 and 5-HT 1A/2A/2B/7 receptors and moderate affinity for the serotonin transporter. Single-dose (10 and 15 mg fasting, 15 mg fed) safety in healthy volunteers and multiple-dose (10, 20, 50, and 100 mg fed, 10 days) safety and pharmacodynamics in patients with stable schizophrenia were defined in two phase I studies. In the single-dose study, 32 treatment-emergent adverse events (TEAEs) were observed. Orthostatic hypotension (n = 6), nausea (n = 5), and dizziness (n = 4) were the most common. One serious adverse event (SAE), seen in a patient who should not have been in the study due to a history of seizures, involved brief seizure-like symptoms. In the multiple-dose study, 75 TEAEs were reported. Akathisia (n = 20) and somnolence (n = 14) were the most frequent. No clinically significant changes were seen in glucose or prolactin levels, lipid profiles, weight, or electrocardiographic recordings. In both studies, all TEAEs resolved and none led to withdrawal from the study or death. A pharmacodynamic evaluation reflected significant improvements with RP5063 (P < 0.05) over placebo in an analysis of patients with a baseline Positive and Negative Syndrome Scale (PANSS) score ࣙ50 for positive subscale scores. Improvements of the Trail Making A and Trail Making B test results were observed for patients treated in the 50 mg dose group for days 5, 10, and 16. These findings indicate that RP5063 is well-tolerated up to 100 mg and displays promising preliminary clinical behavioral and cognition activity signals in patients with stable disease over a 10-day period.
studies found that RP5063 was mainly metabolized by the hepatic enzymes-primarily through CYP450 3A4 (64%) and minimally by CYP2D6 (17%) (unpublished) .
Preclinical safety pharmacology studies indicated that RP5063 was well tolerated in toxicity evaluations ranging from 1-9 months and produced no metabolic, cardiovascular, pulmonary, or central nervous system adverse effects. 8 The no observable effect level for cardiovascular, respiratory, and central nervous system effects in rats were 45, 100, and 10 mg/kg, respectively (human equivalent dose, HED): 24, 16 , and 1.6 mg/kg or 1,440, 960, and 96 mg/60 kg patient, respectively). Acute toxicity studies in rodents did not report of any signs of catalepsy, convulsions, or seizures (unpublished). Canine studies did not reveal any marked changes in blood glucose, electrocardiographic (ECG), cardiac troponin I levels, or blood pressure measurements (unpublished) .
This article reports the initial clinical experience with RP5063. The primary focus involves the safety of single doses (10 and 15 mg) in normal healthy men using an ascending-dose study design and of multiple doses (10, 20, 50 , and 100 mg) over 10 days in male patients with stable schizophrenia. The secondary focus examines the initial clinical activity of multiple doses in the stable schizophrenia population over a 10-day period.
MATERIALS AND METHODS

Study conduct
Both studies were institutional review board approved investigations and conducted per US Food and Drug Administration (FDA) guidelines. 11 Informed consent was obtained per the institutional review board and Helsinki Declaration requirements. A Data Safety Committee established a priori stopping criteria, which was used to ensure safety. It evaluated study data after each cohort to make dosing, sampling, and monitoring recommendations for the next cohort.
Single-dose study in healthy men (fasting and food effect)
This single-dose study involved escalating single doses of RP5063 in normal healthy men. Excluded were individuals with pre-existing neurological, medical, or laboratory abnormalities, or family history of neurological disorders.
In this randomized, double-blind, placebo-controlled, ascending-dose study, the dose-escalation portion involved two cohorts (10 and 15 mg) of eight recruited volunteers each. Although the planned dose escalation scheme included 10, 15, 25, 50, and 100 mg doses, the Data Safety Committee review limited doses to 10 and 15 mg based on that sufficient data were obtained related to: (i) a predictable PK profile with dose-dependent increase in drug exposure; and (ii) dose exposure dependent tolerability (data on file). Participants were randomized 3:1 (active: placebo). A sentinel pair of participants, randomized 1:1 (active: placebo), were entered first, followed by the remaining participants of the cohort randomized 5:1 (active: placebo) after a 2-day safety evaluation. A third cohort of eight participants was evaluated using a crossover design for the effect of fed and fasting states on drug pharmacokinetics and safety.
The study schedule involved: (i) screening (Day -28 to Day -2); (ii) admission (Day -1); (iii) in-house days (Days 1-3) at the study clinic (PAREXEL Early Phase Clinical Unit, Los Angeles, CA). Study duration ranged from 31 to 33 days.
Multiple-dose study in stable male patients with schizophrenia This randomized, double-blind, placebo-controlled, ascending-dose study included four cohorts (10, 20, 50 , and 100 mg dosed q.d.). Each was comprised of eight male patients with stable schizophrenia (chronic, all types with Total Positive and Negative Syndrome Scale (PANSS) score ࣘ90 points). Excluded were patients with pre-existing neurological, medical, or laboratory abnormalities, unstable or active exacerbation of schizophrenia, a family history of neurological disorders, or a history of hypersensitivity to products with a mechanism of action similar to RP5063 (e.g., aripiprazole).
The escalated dose schedule to once-daily 100 mg was based upon the single ascending-dose PK, dose-dependent drug exposure and safety, preclinical no observable effect level HED data, and the observed tolerability with antipsychotic medications in patients was higher than seen in healthy subjects. 12 The study proceeded through the dose-ascension cohorts as planned. Each cohort was randomized 6:2 (active: placebo). The participants remained within the clinic (PAREXEL Early Phase Clinical Unit) for the duration of the study and were administered RP5063 30 min following a standardized, FDA-approved high-fat meal once daily for 10 days based on single-dose fed/fasting data, indicating a slight increase in the extent of absorption and longer half-life with food.
The study schedule involved: (i) screening (Day -35 to Day -6); (ii) admission (Day -5); (iii) antipsychotic washout (Day -5 to Day -1); and (iv) in-house days (Days 1-17). The study duration was 57 days.
Study drug
Participants were administered oral capsules of RP5063 based on the dose and randomization schedule. Both studies used 5 mg and 10 mg capsules of RP5063 and placebo. The multiple-dose study also used RP5063 25 mg capsules.
Safety and pharmacodynamic parameters
Safety was evaluated throughout both studies. Parameters were recorded at regular intervals: adverse events; concomitant medications; physical examination; vital signs (supine blood pressure and heart rate, oral body temperature, and respiratory rate, with orthostatic measurements on Day 1 at the time bed restriction was lifted for the single-dose study); 12-lead ECG (PR, RR, QT, QTcB, and QRS intervals); electroencephalography; clinical laboratories (hematology, clinical chemistry [including prolactin], urinalysis); and suicidal ideation (Columbia Suicide Severity Rating Scale [C-SSRS] score).
The multiple-dose study incorporated several standardized assessments: (i) the Simpson Angus Scale; (ii) the Abnormal Involuntary Movement Scale; (iii) the Barnes Akathisia Scale; and (iv) the Calgary Depression Scale. Preliminary clinical activity was assessed using the Clinical Global Impression (CGI) scale (CGI-Severity (CGI-S) for baseline (Day -1) and CGI-Improvement (CGI-I) (Day 17) for change from 
Statistical plan and analysis
Formal sample size calculations were not performed. The number of study participants was chosen based on feasibility and was considered sufficient to meet the study objectives.
All demographic, safety, and pharmacodynamic data were summarized in tabular format by descriptive statistics. Adverse events were classified according to the Medical Dictionary for Regulatory Activities. Change from baseline was calculated for vital signs and ECG findings.
Analysis of activity in the multidose study used the intentto-treat analysis data set. The primary analysis of PANSS is a standardized 30-item drug-sensitive instrument with a balanced representation of positive and negative symptoms that gauges their relationship to one another and to global psychopathology. 13 Analysis involved the evaluation of the change from baseline of Total and Subscale Scores, and PANSS Marder Factor Scores (a validated analysis of five PANSS factors of schizophrenia). [14] [15] [16] Least-squares adjusted means were calculated for the active treatment group compared with placebo. An analysis of covariance with group (treatment or placebo) as factors and baseline score as a continuous covariate was utilized.
A secondary evaluation of the PANSS data, as a post hoc analysis, evaluated participants (N = 19 total: treatment = 13; placebo = 6) who had a total score of ࣙ50 or greater at baseline (with 50 as the median baseline score; range, 39-69] for the total data set. This analysis involved multiple statistical tests, including repeated measures analysis, to assess whether patients with greater symptomatology at baseline were more likely to show change with treatment. 13 The analysis of this population considered Marder factors and included an assessment of dose (ࣘ20 mg, ࣙ50 mg) using a repeated measures analysis of covariance and a Tukey post hoc analysis.
A formal dose response analysis was not undertaken due to limited patient numbers. The PK and exposure analyses were reported in a separate publication.
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RESULTS
Disposition, extent of exposure, and demographics
The single-dose study recruited 24 individuals (Table 1) , and 23 completed the trial. Participants were white or Japanese men (age, 20-45 years; weight, 18.5-30.0 kg/m 2 ), with no differences seen between these two groups in the PK evaluation. 10 They received one dose of either the placebo (n = 4), 10 mg (n = 6), or 15 mg (n = 7) formulations. Seven participants in the food-effect cohort received two 15-mg doses.
In the multiple-dose study, all 32 randomized male patients ( Table 2 ; aged 18-65 years; weight, 19.5-38.0 kg/m 2 ) completed the 10-day schedule, with six patients per treatment group (n = 24) and two patients receiving placebo (n = 8). Patients in the 10-mg, 20-mg, and 50-mg groups received 100, 200, and 500 mg, respectively. Five patients in the 100-mg treatment group received 1,000 mg; one patient, who discontinued prematurely, received 400 mg.
Patients in the multiple-dose study met the definition for stable patients with schizophrenia based on showing minimal symptoms, as defined by low PANSS and CGI-S scores. 12 Baseline scores for PANSS and CGI-S were comparable between the pooled (all doses) for RP5063 and placebo groups; no statistical evaluation was conducted due to the small numbers. Mean total PANSS score (±SD; range) at baseline in the pooled RP5063 group (n = 24) was 50.86 (±6.55; range, 39-69) and in the placebo group (n = 8) was 53.75 (±7.17; range, 43-65) and fell below the threshold of ࣘ60 at enrollment. Mean CGI-S for the pooled RP5063 group at baseline was 3.04 and placebo was 3.00 and fell below the threshold of ࣘ4 within 4 weeks of study entry. Baseline PANSS and CGI-S were not significantly different between treatment and placebo.
Single-dose safety Tables 3 and 4 summarize the breakdown of treatmentemergent adverse events (TEAEs) for the single-dose study. Twelve participants and 32 TEAEs were reported, with orthostatic hypotension (n = 6; 5 participants), nausea (n = 5; 4 participants), and dizziness (n = 4; 4 participants) being the most frequent. No TEAEs led to study withdrawal or death and all resolved by the study's end.
One serious adverse event (SAE), involving brief seizurelike symptoms, was reported in one participant (10 mg group). Follow-up revealed that this individual should not have been in the study due to pre-existing history of seizures.
For laboratories, mean prolactin values were slightly decreased from baseline to 24 h, with maximum decreases of 28.7%, 16.9%, 39.5%, and 30.3% for 10-mg fasting, 15-mg fasting, 15-mg fed (food effect), and 15-mg fasting (food effect), respectively. These observations with prolactin were not different from those with placebo. No clinically significant postdose abnormalities, trends, or TEAEs in any laboratory or urinalysis observations were noted.
Assessment of cardiovascular safety did not reveal any significant effects. Five participants reported six events of orthostatic hypotension and two participants reported tachycardia. No clinically significant changes in PR, RR, QRS, QT, or QTcB intervals were observed; one participant had a QTcB outlier at day 5 that increased by at least 60 ms.
Further safety, physical examination, or electroencephalographic findings were not clinically significant. No participants displayed suicidal ideation or behavior per the C-SSRS. Tables 3 and 5 summarize the TEAEs in the multidose evaluation. None led to study withdrawal or death. Twenty-seven patients reported 75 TEAEs across all treatment groups. The majority included nervous system (n = 43), psychiatric (n = 11), and gastrointestinal disorders (n = 10). The most common TEAEs included somnolence (n = 20; 19 patients), akathisia (n = 14; 12 patients), extrapyramidal effects (n = 5; three patients), and dystonia (n = 3; two patients). All TEAEs resolved within the study period, and did not result in death, significant mortality, or study withdrawal.
Multiple-dose safety
www.cts-journal.com The incidence of TEAEs appeared to increase with dose, with little difference between the 50-mg and 100-mg doses ( Table 3) . More patients reported somnolence at these higher doses. Two moderate-to-severe adverse events involved akathisia at the 100-mg dose.
Except for an elevated mean creatinine phosphokinase level of 654.5 units/L on day 21 with the 50-mg dose, no other clinically significant abnormal blood chemistry, hematology, or urine measurements, or differences among treatments and with placebo, were observed. No treatment-related changes or trends were identified in glucose, prolactin, or lipid levels.
For cardiovascular safety, 12-lead ECG values did not report any dose-related and clinically significant changes. In an outlier analysis (including Bazett's and Fridericia's corrections according to the FDA Guidance to Industry) of QTcB values, several isolated prolongations (>30 to ࣘ60 ms) were observed in all groups (more frequently in the 10-mg and 20-mg groups and placebo), and one change higher than 60 ms was observed in the 100-mg group at Day 21.
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Physical examination findings and vital sign changes or abnormalities were unremarkable.
Results from the Simpson Angus Scale, Abnormal Involuntary Movement Scale, C-SSRS, and Calgary Depression Scale did not display any meaningful changes or group differences. The Barnes Akathisia Scale scores were higher in the 50-mg and 100-mg groups.
Pharmacodynamic activity of multiple doses in patients with stable schizophrenia
Clinical Global Impression assessment At baseline, CGI-S scores for all patients in the 10-mg, 50-mg, and 100-mg groups, the pooled placebo groups, and five patients (83.3%) in the 20-mg group were 3 (mildly ill) and in one patient (16.7%) in the 20-mg group was 4 (moderately ill). A change to minimal improvement in the CGI-I at Day 17 was only seen in the 20-mg and 100-mg dose groups. At Day 17, only one patient (16.7%) in the 20-mg group and five patients in the 100-mg group (83.3%) scored a 3 (minimal improvement). b Related TEAEs includes all TEAEs considered "related," "possibly related," and "probably related" to study drug by the study investigator. c Not related TEAEs includes all TEAEs considered "unlikely to be related" and "unrelated" to study drug by the study investigator.
Positive and negative syndrome scale
Table 4
TEAEs by system organ class and preferred term in the single-dose study In patients with a PANSS ࣙ50, those treated with RP5063 (pooled doses) trended toward a reduced PANSS Total www.cts-journal.com Table 5 TEAEs by system organ class and preferred term in the multiple-dose study E, number of TEAEs; N, number of volunteers exposed to treatment; no., number of volunteers with at least 1 TEAE; %, (n/N * 100); TEAE, treatment-emergent adverse event.
Score from baseline (P = 0.85) and toward a change from baseline in the General Psychopathology Score subscale (P = 0.074).
The most notable finding in this pooled RP5063 population was with the repeated measures analysis for PANSS Positive Subscale Scores (Figure 1a) . This analysis revealed that treatment was significant from placebo with respect to scores across time (P = 0.005) and after controlling for baselines (P = 0.004). Analysis of change from baseline showed that treatment provided a significant difference in producing improvements on Days 5, 7, 10, and 16 (P = 0.008, P = 0.010, P = 0.036, and P = 0.017, respectively).
Similar observations were seen with a repeated measures analysis of Positive Subscale Scores that considered Marder Factors in patients with baseline PANSS ࣙ50 (Figure 1b) . Treatment was significant from placebo (P = 0.007) for the Marder Positive Factor Score. Repeated measures analysis revealed a significant reduction in the treatment group across time (P = 0.038) and after controlling for baseline scores (P = 0.027). With respect to subscales, treatment produced a significant reduction in the Marder Anxiety/Depression Factor (P = 0.009).
For the Marder-derived Positive Factor Score in this population, patients receiving ࣙ50 mg showed a 4.4 decrease, ࣘ20 mg showed a 1.01 decrease, and placebo showed a 1.00 decrease in scores from baseline (P = 0.024). The Tukey post hoc analysis was significant between the ࣘ20 mg and ࣙ50 mg groups (P = 0.001) and between the ࣙ50 mg and placebo groups (P = 0.001).
TRAIL MAKING TESTS A AND B
Test A. At baseline, patients in the 50-mg and 100-mg groups and the pooled placebo group showed a similar duration time ( 
Bond and Lader visual analog scale for subjective effects
Changes from baseline between the groups did not reveal dose dependency or any consistent trend. In the 10-mg, 20-mg, and 100-mg groups, minor changes were observed and in the 50-mg group more significant changes were seen between baseline and Day 10.
DISCUSSION
Safety considerations
These studies begin to define the clinical safety profile of RP5063. They provided valuable insight that guided dose planning for the phase II clinical study dose range of 15-50 mg. 8 Doses in both studies seemed to be safe and generally well tolerated. No safety signals were seen in vital signs, patient weight, and metabolic parameters. The TEAEs in the multidose study were more prevalent in the 50-mg and 100-mg dose groups. A moderate-to-severe TEAE involving akathisia occurred at the 100-mg dose. The TEAEs did not threaten life, lead to significant morbidity or mortality, or result in study withdrawal. A maximum tolerated dose was not identified in either study. These initial safety observations were clarified further in the phase II evaluation of RP5063. 8 In this study, RP5063 dosed between 15 and 50 mg dosed once daily for 28 days had a TEAE rate of 54.8% (similar to positive control of aripiprazole at 55%). Insomnia (23%) and agitation (9.1%) were the most common events. The akathisia rate was 5%, and discontinuation rate was 17%, lower than typically seen for antipsychotics. 8, 18 Good tolerability was seen in all ethnic groups.
These initial safety observations are encouraging as related to the management of schizophrenia. Patients with schizophrenia experience multiple comorbidities at a higher rate than normal healthy individuals due to lifestyle, personal care neglect, and treatment barriers for ongoing conditions. 7, 19, 20 Between 40% and 60% of patients with schizophrenia are overweight, and their baseline cardiometabolic and cardiovascular risks are higher than those of the general population. 7, 19, 20 limit the clinician's choice when considering the side effects with available medications. 4 Furthermore, approved treatments are associated with varying degrees of EPS and hyperprolactinemia, 7, 21 leading to endocrine disruptions (e.g., breast enlargement, increase the risk of breast cancer, and a decrease in or loss of sexual interest) directly through hyperprolactinemia and indirectly through D 2 receptor antagonism. Although reduced sexual activity is associated with the onset of psychosis, antipsychotic-induced hyperprolactinemia is linked with reductions in sexual interest, activity, and satisfaction. [21] [22] [23] Increased prolactin levels (amisulpride and risperidone) have also resulted in sexual side effects (e.g., retrograde ejaculation and priapism seen with clozapine, risperidone, and olanzapine).
3,7 These side effects can limit compliance, reported between 40% and 50%. 24, 25 Second-generation agents are limited by cardiometabolic effects. 6, 7 In a meta-analysis, standard doses of clozapine, olanzapine, and risperidone over a 10-week period resulted in mean unintentional weight increases of 4.45 kg, 4.15 kg, and 2.10 kg, respectively. 26 Another study reported that 78.8% of patients experienced unintentional weight gain of >7%, as compared with baseline. 27 Furthermore, type 2 diabetes mellitus has been linked to use of these agents, leading to the FDA to require a warning related to hyperglycemia and diabetes in the package inserts for agents of this class. 28 Hyperlipidemia is another cardiometabolic factor. Studies have shown that dibenzodiazepine-derived atypical agents are associated with higher serum triglyceride levels (clozapine, olanzapine, and quetiapine) and increased cholesterol levels (clozapine and olanzapine) after 8 weeks of treatment. 29, 30 These metabolic risks are compounded by the potential for direct cardiovascular effects including increase in QTc interval, myocarditis, and worsening hypertension control. [31] [32] [33] [34] [35] Pharmacodynamic activity Because the multiple-dose study used patients with stable schizophrenia, the data from this study provided an early assessment of the pharmacodynamic behavior and activity of RP5063 in this population. However, detecting a significant signal for clinical efficacy is limited by multiple factors: (i) the patient population; (ii) low baseline PANSS for overall analysis; (iii) small size of the treatment groups; and (iv) short duration of treatment. Evaluation of longer-term effects would have required a longer treatment period, such as in the phase II study over 28 days or the planned phase III study over 42 days. 8 Nevertheless, considering the half-life of RP5063, 10 days of dosing could translate to 2 weeks of exposure, which was not evaluated in this multidose phase 1 study. 8, 10 Several tests (Trails A and B, PANSS) identified some early clinical efficacy signals. Notable was the secondary analysis to explore the PANSS observations. A baseline score of 50 (study population PANSS score range, 39-69) was the median. It represented a natural point for analysis. Typical PANSS scores range in stable schizophrenia from 30 to 70, a score of ß50 is defined as "moderately ill." 31, 36 Thus, assessing patients with higher PANSS scores (ࣙ50) at baseline would be more likely to detect change. This analysis found statistical significance for the Positive Subscale scores, as well as favorable trends with the reduction of PANSS Total Score from baseline and in the General Psychopathology Score from baseline vs. placebo. The Marder responses for the Positive Subscale Score reflected similar observations and were significant relative to the anxiety/depression subscale. Further analysis of the 19 (RP5063 pooled doses, n = 13; placebo, n = 6) patients with respect to Positive Subscale Scores and Marder Factors indicated significant differences in the higher dose ࣙ50-mg group, as compared with both placebo and the ࣘ20-mg dose groups (P = 0.001). Although these subanalysis findings are encouraging in reflecting a signal of positive clinical efficacy, it is important to recognize its power limitations due to the relative small sample size.
Nonetheless, these observations were used to aid in the design and dosing to include a 50-mg group for the phase II trial, in which patients with acute exacerbations of schizophrenia showed much higher baseline levels of PANSS total score. 8 This study showed that the 15-mg and 50-mg doses improved the PANSS total score, the primary study end point, as compared with placebo (P < 0.05), with median rates of improvement over baseline of 23% and 22%, respectively. Both these doses were superior to placebo with respect to PANSS subscales and CGI scale scores. These results have set the stage for a phase III evaluation in the acute population, in which the 15-mg, 30-mg, and 50-mg doses will be assessed over a 42-day period. 
CONCLUSIONS
Tolerability is key for effectiveness beyond short-term efficacy for an antipsychotic agent in neuropsychiatric disorders. These phase I studies found that RP5063 appears to be safe and generally well tolerated at doses ranging from 10-100 mg administered over 10 days. Most adverse events were mild and occurred at the higher doses of 50 mg and 100 mg. All TEAEs resolved and none led to study withdrawal or death. Notable was the lack of clinically significant changes in glucose or prolactin levels, lipid profiles, weight, or ECG findings. The multiple-dose pharmacodynamic evaluation provided early insight regarding clinical activity of RP5063 relevant to psychosis, along with mood and cognitive comorbidities, in patients with stable schizophrenia over a 10-day period. This activity with RP5063, combined with tolerability for improved compliance, offers the potential to fulfill unmet needs in psychiatry. (www.cts-journal.com)
